The main objective of this study was to identify mRNA expressed in the granulosa cells characterizing differentiated follicles bearing developmentally competent bovine oocytes. Analytical comparisons were made on mRNA pools of granulosa cells using differential display reverse transcription polymerase chain reaction (DDRT) analysis and suppressive subtractive hybridization (SSH). With DDRT, mRNA patterns of granulosa cells from small (Ͻ4 mm) and large (Ͼ8 mm) follicles cultured in the presence or absence of LH were compared to identify mRNA associated with follicular size or with the LH response. Nine clones were sequenced, and two were identified. One of the clones, DRAK 1, was associated with the presence of LH in the medium. Other comparisons directed toward the identification of mRNA associated with the presence of a competent oocyte were done on granulosa cells collected in vivo from superstimulated heifers. With the DDRT analysis, four clones associated with the oocyte developmental competence status were identified. With the SSH analysis, four clones specific to the presence of an incompetent oocyte were sequenced and none were identified, whereas 49 clones specific to the presence of a competent oocyte were sequenced and 18 were identified. Among these clones, early growth response 1, sprouty 2, cytochrome C oxidase, matrix metalloproteinase inducer, matrix metalloproteinase, epiregulin, prostaglandin receptor, and progesterone receptor were the most relevant to the ovarian physiology being examined.
INTRODUCTION
When oocytes are obtained for in vitro maturation and fertilization (IVM-IVF), not all of them have the ability to develop into an embryo. The incapability to sustain further development may be associated with incomplete maturation of the oocyte during folliculogenesis [1, 2] . It is still not known at which size or step of follicular development the oocyte becomes competent. Some oocytes collected from large follicles are still not able to reach the blastocyst stage, whereas others coming from smaller follicles are fully com- petent [3] [4] [5] . Although great efforts have been made to recreate in vitro the follicular environment that allows complete maturation of the bovine oocyte, current procedures only produce a blastocyst development rate of about 35% [6] . The mechanisms responsible for the coordinated maturation of the follicle and the enclosed oocyte are not yet understood. However, studies aimed at optimizing ovarian stimulation protocols have shown that these protocols can affect the number of follicles recruited, the average follicular diameter, and the amount of high quality oocytes recuperated [7] [8] [9] , suggesting that the oocyte and the follicle are interdependent and that oocyte developmental competence can be acquired under specific follicular conditions. It is clear that the cells surrounding the oocyte affect the ability of the oocyte to support the first stages of development [10, 11] . Selection of the cumulus-oocyte complex (COC) based on morphologic characteristics of the cumulus cell layers and the ooplasm has been effective in enhancing the blastocyst rates for in vitro production procedures [3] . These findings strongly support the concept of a beneficial effect of the surrounding cells on oocyte maturation and the need to better understand the mechanisms involved in folliculogenesis and oogenesis.
In cattle, there is growing evidence supporting the effect of follicle differentiation on the ability of the oocyte to become an embryo [5] . Among the follicular characteristics known to be associated with oocyte developmental competence, the size of the follicle is correlated with the capacity of the enclosed oocyte to successfully reach the blastocyst stage; oocytes collected from small follicles are less competent than oocytes from larger follicles [3, 8] . In vivo matured oocytes are more competent than in vitro matured oocytes [12, 13] , and when the oocyte is enclosed in an actively growing follicle, its nucleolus does not display the same pattern as that of the oocyte from the dominant follicle [14] , supporting the importance of follicular environment to allow complete oocyte maturation. Although the exact timing of competence acquisition is not known, when oocytes are aspirated from ovarian follicles immediately after slaughter their competence is significantly less than when they are held 4 h in the postmortem ovary before recovery [15] . The same observation has been made with oocytes collected from stimulated animals [15] . These observations indicate that the follicular environment can have a decisive influence on the fate of the oocyte within a very short window. More recent evidence indicates that a coasting period is beneficial to oocyte competence. When a follicular wave is induced by 3 consecutive days of FSH stimulation in the absence of a dominant follicle, the period of withholding FSH (coasting) before oocyte recovery has an effect on the blastocyst frequency after IVM-IVF and in vitro culture. The optimal results are obtained when 48 h without FSH elapses prior to oocyte recovery [16] . This observation indicates that the follicle needs to reach a stage of stasis in its growth to signal to the oocyte the final changes required before ovulation. This process is currently used to commercially produce bovine embryos and can yield success rates for oocyte to transferable embryo of up to 100% in some cows. We hypothesized that mature preovulatory follicles (with functional LH receptors) possess information that is crucial for the oocyte to complete its own cytoplasmic maturation. The granulosa cells from these follicles should differ from those found in growing and less differentiated follicles. Thus, granulosa cells surrounding a competent oocyte should be slightly different from those surrounding an incompetent oocyte, and the differences would be the result of differentially expressed genes allowing the isolation of marker genes associated with the oocyte developmental competence level.
MATERIALS AND METHODS

RNA Extraction
Total RNA was extracted using Trizol Reagent (Gibco BRL Life Technologies, Burlington, Canada) and coprecipitated with 1 g of glycogen (Roche Molecular Biochemicals, Laval, Canada).
Differential Display Reverse Transcription Polymerase Chain Reaction
Reverse transcription. Total RNA from the cells was extracted as described above. Reverse transcription procedure was performed as recommended by the manufacturer using one of the three one-base anchored oligo-dT (GenHunter, Nashville, TN). One microliter of Superscript II reverse transcriptase (Gibco BRL Life Technologies) was added to the samples, the reaction was carried out in a PTC-100 Programmable Thermal Controller (MJ Research, Waltham, MA) at 42ЊC for 60 min, and the enzyme was denatured at 75ЊC for 5 min.
Random polymerase chain reaction amplifications. The polymerase chain reactions (PCRs) were done using the RNA image kit (GenHunter) according to the manufacturer's directions. Two microliters of the previous reverse transcription (RT) reaction was used for amplification. Several random decamers were used to prime the PCR reaction in 5Ј. We used a total of 16 different primer pairs to display cDNAs of the different granulosa cells. Reactions were carried out in 1ϫ PCR buffer (PE Applied Biosystems, Mississauga, Canada) primed with 4 M of the same one-base anchored oligo-dT used in the RT reaction and a random decamer. The PCR mix also contained 0.8 M of each dNTP, 1 l of 35 S-dATP (Amersham-Pharmacia, Baie-D'Urfé, Canada), and 0.2 l of Amplitaq DNA polymerase (PE Applied Biosystems). The amplification was done in a PTC-100 Programmable Thermal Controller (MJ Research) using the following program: 95ЊC for 30 sec (dissociation), 40ЊC for 2 min (annealing), and 72ЊC for 30 sec (extension) for 40 cycles. The reaction was ended with a 5-min incubation at 72ЊC. The radiolabeled PCR products were electrophoresed on a 6% acrylamide gel. The gels were dried and immobilized on paper and exposed to x-ray films (Eastman Kodak, Rochester, NY).
Band extraction and cloning. Bands of interest were precisely cut out of the paper using the autoradiogram as a guide. The DNA was extracted from the paper by adding 100 l of water and heating the samples at 95ЊC for 15 min. The paper was pelleted with a quick centrifugation, and the DNA in the supernatant was coprecipitated with 5 l of glycogen (10 mg/ml). The pellet was washed and dissolved in 10 l of water. For reamplification, 4 l of the pelleted DNA was used. The PCR procedure was the same as the PCR amplification procedure described above without the 35 S-dATP. The PCR products were cloned with the TA cloning kit (Invitrogen, Carlsbad, CA). Inserts were sequenced by an automated sequencing service or were sequenced manually using a T7 sequencing kit (Pharmacia Biotech, Baie-D'Urfé, Canada). The sequences were submitted to a BLAST analysis for identification.
Experiment 1: Granulosa cells collection and culture. Bovine ovaries were collected at a slaughterhouse and kept on ice in standard saline solution supplemented with an antimycotic agent (Sigma, St. Louis, MO) during transport to the laboratory. The granulosa cells from follicles Ͻ4 mm and Ͼ8 mm were kept on ice and collected by dissection with the aid of a stereo microscopy. A fraction of the cells was immediately frozen and stored at Ϫ80ЊC until RNA extraction. The remaining cells were cultured for 0-4 h with or without LH (0 or 100 ng/ml) in the culture medium to simulate the LH surge. The cells were cultured in a 24-well polystyrene dish at a concentration of 1 ϫ 10 6 viable cells (as determined by trypan blue exclusion) per well in Ham F-12 medium supplemented with human apo-transferin (10 mg/L; Sigma), ascorbic acid (17.6 mg/L; Sigma), and porcine (p)FSH (50 g/L; National Institute of Diabetes and Digestive and Kidney Diseases [NIDDK]) in a humidified atmosphere containing 5% CO 2 and 95% air at 38.5ЊC. The cells were collected, immediately frozen, and kept at Ϫ80ЊC until submitted to differential display RT-PCR (DDRT) analysis.
Experiment 2: Assessment of developmental competency of oocytes. Fourteen cyclic Holstein heifers were used for recovering granulosa cells by transvaginal aspiration. Two days before starting the superstimulation protocol, ovaries of heifers with a palpable or functional corpus luteum (Days 3-15) were aspirated to remove all large follicles. Follicles were stimulated for 2 days (four doses) or 3 days (six doses) with FSH (Folltropin V; Vetrepharm, London, Canada). Thirty-three or 48 h after the last injection, follicles from each ovary were counted by ultrasonography and classified according to their size: small (Ͻ4 mm) or medium to large (Ͼ5 mm). The COC were recovered by transvaginal aspiration and were cultured in vitro to assess their developmental capability, and the remaining granulosa cells were frozen in liquid nitrogen and stored at Ϫ80ЊC until RNA extraction. On average, five follicles were pooled together to form each pool of granulosa cells. An additional four cyclic Holtstein heifers were slaughtered, and their ovaries were removed. One ovary of each cow was kept warm during all manipulation steps, and the other ovary was kept on ice during transportation and dissection. The follicles of both ovaries were dissected with the aid of stereo microscopy. The oocytes collected from the warm ovary were put through in vitro production procedures. The granulosa cells from both treatments were collected and frozen until RNA extraction.
For in vitro embryo production, all chemicals except those indicated otherwise were purchased from Sigma. The COC were matured in 50-l droplets for 24 h. The maturation medium consisted of TCM-199 supplemented with Earle salts (Gibco BRL Life Technologies), bicarbonate, and 20% heat-treated fetal calf serum (FCS), 0.5 g/ml pFSH (NIDDK), 5 g LH (NIDDK), 1 mg/ml estradiol-17␤, 0.2 mM pyruvic acid, and 50 g/ml gentamicin. The droplets were covered with mineral oil (Aldrich Chemical, Milwaukee, WI) and preincubated in a humidified atmosphere containing 5% CO 2 and 95% air at 38.5ЊC for a minimum of 2 h before addition of the COC.
Following maturation, the COC were washed twice in Hepes-buffered Tyrode medium (TLH) containing 0.3% fatty acid-free BSA, 0.2 mM pyruvic acid, 2 g/ml heparin, and 50 g/ml gentamicin. Following the washes, the COC were transferred in 48-l fertilization droplets to which 2 l of PHE (2 mM penicellamine, 1 mM hypotaurine, 250 M epinephrine) was added followed by bovine sperm. The fertilization medium consisted of Tyrode lactate medium, 0.6% fatty acid-free BSA, 0.2 mM pyruvic acid, 2 g/ml heparin, and 50 g/ml gentamicin. For fertilization, frozenthawed bull sperm was prepared as described previously [17] . A 2-l aliquot of sperm suspension was added to each fertilization droplets to a final concentration of 1 ϫ 10 6 spermatozoa/ml. The fertilization lasted 15-18 h.
Following fertilization, the embryos were held for 2 h in development medium constituted of pre-equilibrated TCM-199, 10% FCS, 0.2 mM pyruvic acid, and 50 g/ml gentamicin. Embryos were then washed twice and transferred in preconditioned 50-l development droplets. The embryos were cocultured with bovine oviductal cells prepared as described previously [3] .
Following the in vitro production procedures, the granulosa cells recovered from transvaginal aspiration was classified according to the corresponding oocyte developmental competency. Because the follicles were pooled together and the embryos were cultured in groups, the only pools considered for experiments 2 and 3 were those resulting in 100% embryos or 0% embryos, i.e., in the corresponding pools of oocytes, all of them reached the blastocyst level or none of them developed into a blastocyst. All the other pools having blastocyst rates between 0% and 100% were not considered for these experiments. Total RNA and DDRT analysis were carried out as described above.
PCR-Based Suppressive Subtractive Hybridization
Reverse transcription and cDNA amplification. Total RNA was extracted as described above. The mRNAs were reverse transcribed and the cDNAs were amplified using the Smart cDNA amplification kit (Clontech Laboratories, La Jolla, CA). Protocols were followed according to the manufacturer. The mRNA from both groups of granulosa cells were reverse transcribed using 1 l of Superscript II (Gibco BRL Life Technologies). The reaction was primed using the CDS primer, which is an anchored oligo-dT primer with an internal PCR primer sequence at the 5Ј end. The second primer used was the Smart primer, which anneals with the CCC tailing left by the reverse transcriptase on the newly formed cDNA and also contains the same internal primer as the CDS primer. The reaction was carried out in a PTC-100 Programmable Thermal Controller (MJ Research) at 42ЊC for 60 min. A cDNA aliquot of 2 l was used for the PCR amplification of the entire pool of cDNA. The reactions were primed with the internal PCR primer and amplified with the Advantage PCR polymerase mix (Clontech Laboratories). The amplification also was carried out in a PTC-100 Programmable Thermal Controller using the following program: 95ЊC for 15 sec (dissociation), 65ЊC for 45 sec (annealing), and 68ЊC for 6 min (extension).
Complementary DNA subtraction. The cDNA subtraction was done using the PCR Select kit (Clontech Laboratories). Protocols were followed according to the manufacturer. The tester cDNA was subddivided into two portions and a different adaptor was ligated to each tester portion. Two hybridizations were performed. In the first, excess driver cDNA was separately added to each adaptorligated tester cDNA. The cDNA was heat denaturated and allowed to anneal, generating hybrids between tester and driver cDNA. In the second hybridization, the two primary hybridization samples were mixed together without denaturation. The remaining single-stranded adaptor-ligated tester then annealed to form cDNA hybrids bearing both types of adaptor. A PCR amplification was then performed allowing only the tester cDNA molecules having both types of adaptor to be exponentially amplified. The other hybrids were either linearly amplified or not amplified at all. After the subtractive PCR, the sample was enriched in differentially expressed cDNA. Because the PCR end product was enriched but not strictly composed of differentially expressed cDNAs, cloning and differential screening procedures were required to select the true positives.
Cloning and Transformation
After the PCR subtraction, the amplification products were cloned into the PCR 2.1 plasmid of the TA cloning kit (Invitrogen). Ligated DNA was transformed by heat shock in 100 l of competent DH5␣ Escherichia coli cells. Colonies were grown for 16 h at 37ЊC on Luria broth (LB) agar plates containing ampicillin, X-gal, and isopropyl-␤-D-thiogalactopyranoside for blue/white colony selection.
Experiment 3. In this experiment, other pools of granulosa cells collected from the superstimulated cows described in experiment 2 were compared at the RNA level using a PCR-based subtractive approach. Pools of granulosa cells from follicles that produced 100% embryos were compared with those having incompetent oocytes.
Discriminating the True Positives: Experiments 1 and 3
For DDRT, 29 bands from experiment 1 associated with the follicular group sizes (Ͻ4 mm or Ͼ8 mm) were extracted and cloned as described above. For suppressive subtractive hybridization (SSH) (experiment 3), white colonies were isolated and grown individually in 100 l of LB medium containing ampicillin for 16 h. The insert of each colony was PCR amplified using a 1-l aliquot of the bacteria, and the rest of the colonies were kept in 20% glycerol at Ϫ80ЊC for later identification. The PCR amplifications for DDRT and SSH inserts were carried out using 0.2 l of Taq Gold polymerase (PE Applied Biosystems) in a PTC-100 Programmable Thermal Controller. The amplification profile consisted of an initiating cycle of 10 min at 95ЊC (hotstart) followed by 35 cycles at 94ЊC for 1 min (dissociation), 58ЊC for 1 min (annealing), and 72ЊC for 1 min (extension). The final cycle included 5 min at 72ЊC for complete strand extension. A 2-l aliquot of each amplification was dot blotted onto Hybond N membranes (Amersham-Pharmacia). Two or three identical membranes were blotted for all the PCR amplifications. For SSH clones, the forward and reverse subtraction PCR products were used as probes to hybridize one of each identical dot blot membrane containing the PCR-amplified cDNA inserts. The adaptor portion on the forward and reverse subtraction PCR products was removed with RsaI, EagII, and SmaI digestions. The digestion products were purified with Qiaquick columns (Qiagen, Mississauga, Canada). For DDRT clones, the probes were synthesized from total RNA of cells col- a Only the first amplicon was cloned from a sample that was not cultured. The other samples were cultured for 4 h with or without LH (100 ng/ml).
lected from small (Ͻ4 mm) and large (Ͼ8 mm) follicles. The probes were radiolabeled with 32 P-dATP (AmershamPharmacia) using the polymerase Klenow fragment enzyme (Amersham-Pharmacia) primed with random hexamers (Roche Molecular Biochemicals) for 30 min at 37ЊC. Probes were finally purified using Qiaquick columns (Qiagen), denatured at 95ЊC for 5 min, and quenched on ice.
Membranes were prehybridized for 4 h in a solution of 50% formamide, 5ϫ standard saline citrate (SSC; 1ϫ SSC is 150 mM NaCl, 15 mM sodium citrate), 50 mM Hepes, pH 6.8, 2 mM EDTA, pH 8.0, 5ϫ Denhardt solution, 1% SDS, and 100 l/ml of salmon sperm DNA at 42ЊC. Membranes were then hybridized in the same solution at 42ЊC overnight with the forward and reverse subtraction PCR products probes.
Washes were done at a stringency of 0.1ϫ SSC, 0.1% SDS at 65ЊC, and the dots were revealed with a PhosphorImager (Molecular Devices Corp., Sunnyvale, CA) after a 16-h exposure. Positive clones were sent to a sequencing service, and sequences were submitted for a BLAST analysis in GenBank for identification.
RESULTS
Differential Display
Experiment 1. Granulosa cells collected from slaughterhouse ovaries were classified into two groups according to the size of the follicles from which they were collected (Ͻ4 mm and Ͼ8 mm). Preliminary experiments to assess the reproducibility of the band patterns produced by DDRT on groups of granulosa cells collected under similar conditions demonstrated reproducible patterns for major bands. By contrast, some variability in pattern was observed for weaker bands. To account for the variability within each group, the PCRs were done in duplicate or triplicate on different samples of each group. In all the subsequent DDRT analysis, the candidate bands were only considered when two or more samples of the same group showed the same band patterns and the bands were absent in the samples of the other group. To identify cDNAs associated with follicular maturation, granulosa cells of both group sizes (Ͻ4 mm and Ͼ8 mm) were cultured with or without LH to induce in vitro genes associated with the preovulatory surge. The cells were collected and compared by DDRT. For this analysis, four groups were considered: granulosa cells from follicles Ͻ4 mm with 4 h of culture in absence or presence of LH and cells from follicles Ͼ8 mm cultured under the same conditions. Some samples of uncultured cells with the same extraction treatment were included in the procedure as controls. Typical results from the DDRT analysis are shown in Figure 1 . From these experiments, nine bands were extracted and cloned. The results are listed in Table  1 . The sequences were submitted to a BLAST analysis for their identification. Matches for only two amplicons were found in GenBank; all other amplicons remain unidentified. Amplicon 1A, which is presumed to be specific to the uncultured granulosa cells regardless of follicular size, showed homology to the ribosomal L27a protein. Amplicon 9A was associated with the presence of LH in the culture medium and was had strong homology with the Homo sapiens mRNA for DRAK 1.
Experiment 2. A second set of DDRT analyses was performed on granulosa cells collected by transvaginal aspiration from superstimulated ovaries. A total of 67 and 301 a The follicle group size for which the amplicon is specific (Ͼ5 mm or Ͻ4 mm), and the competency of the corresponding oocyte (competent ϭ 100% embryo development [ED]; incompetent ϭ 0% ED).
COCs were recovered from small (Ͻ4 mm) and large (Ͼ5 mm) follicles, respectively, and gave blastocyst rates of 43.3% and 50.5%, respectively (Table 2) . Having assessed the competency of the oocytes prior to the DDRT analysis, the cDNAs of granulosa cells collected from follicles having a competent oocyte were compared with the cDNA pool of granulosa cells from follicles having an incompetent oocyte. From this approach, 13 amplicons were cloned and sequenced (Table 3 ). Only four of these clones have been identified by BLAST analysis, including the band corresponding to amplicon 1B that was only found in the control granulosa cells collected from ovaries kept on ice. Amplicons 2B and 3B were found in the samples corresponding to granulosa cells from follicles Ͼ5 mm having an incompetent oocyte and were highly homologous to cytochrome C oxidase and proteosomal ATPase, respectively. By contrast, amplicons 4B and 5B were found in granulosa cells of follicles Ͼ5 mm having a competent oocyte and showed strong homology with U.R. 
Experiment 3: Suppressive Subtractive Hybridization
The SSH approach was performed on granulosa cells collected by transvaginal aspiration. The mRNAs of granulosa cells from follicles having a competent oocyte were pooled and subtracted from the mRNAs of granulosa cells from follicles having an incompetent oocyte, and vice versa. The SSH procedure produces high numbers of clones, and a differential screening approach must be used to find the true positives. Typical results from differential screening are shown in Figure 2 . To identify genes specifically expressed in the granulosa cells of follicles having an incompetent oocyte, 96 amplicons were screened; 9 were true positives. After sequencing four of these clones and submitting the sequences to a BLAST analysis, no matches were found in GenBank. To identify genes specifically associated with the presence of a competent oocyte, 768 clones were screened; 100 were true positives. Forty-nine clones were sequenced and submitted to BLAST analysis, and matches in GenBank were found for 18 clones. The identification results are listed in Table 4 . The sequences corresponding to DNA binding protein A and matrix metalloproteinase (MMP) were found twice, whereas L27a ribosomal protein and Sprouty 2 were found four times. The L27a ribosomal protein and cytochrome C oxidase were also found with the DDRT approach (Tables 1 and 3) . Overall, of the 49 amplicons sequenced, 31 did not match with any sequences in GenBank after a BLAST analysis.
Comparison of DDRT and SSH
Because the SSH procedure was combined with differential screening to find the true positives, the accuracy of DDRT for finding true positives was evaluated with another set of bands from experiment 1. The bands were selected according to their association with the follicular group sizes (Ͻ4 mm or Ͼ8 mm) regardless of the presence of LH. A total of 29 DDRT amplicons were submitted to differential screening. Hybridization results are shown in Figure 3 . To evaluate whether the clones were specific to the granulosa cells, a third blot was hybridized with a probe synthesized from liver total RNA. Using the differential screening procedure, none of the amplicons associated with granulosa cells from larger follicles were true positive, whereas three amplicons specific to small follicles were true positives. After sequencing and BLAST analysis, the amplicons were identified as L3 ribosomal protein (GenBank accession number Z29555), alpha-nac transcriptor (GenBank acces-TABLE 4. Identification of cDNA clones found with SSH when comparing bovine granulosa cell mRNAs from follicles having a competent oocyte with those from follicles having an incompetent oocyte. All amplicons were specific for the presence of a competent oocyte. sion number AF054187), and glyceraldehyde-3-phosphate dehydrogenase (data not shown). A summary of the performance of both techniques to identify differentially expressed genes is shown in Table 5 . Overall, 51 bands were extracted and cloned from the DDRT approach. The sequencing was done on 25 amplicons and the identification analysis resulted in 9 identified genes. With the SSH approach, 100 clones were true positives after differential screening. A total of 49 amplicons were sequenced, and the identification analysis revealed 18 different genes (4 of them were redundant several times). The average length of the amplicons was 330 bp for DDRT (Tables 1 and 3) , whereas SSH produced amplicons of 480 bp average length (Table 4) .
DISCUSSION
This project was aimed at identifying 1) genes expressed in differentiating granulosa cells in response to an LH stimulation and 2) marker genes associated with the presence of a fully competent oocyte. The identification of such genes will give valuable information on the molecular mechanisms involved in the cellular interactions between the different cell types of the follicle that result in a completely matured oocyte. Generally, a competent oocyte is defined by its ability to sustain embryonic development to the developmental stage of the blastocyst. To date, the mechanisms by which the oocyte acquires competency are not understood. The follicular environment surrounding the oocyte plays an important role in the acquisition of competence [18] . To understand the molecular mechanisms associated with follicular growth, a growing number of studies are being undertaken using candidate genes. Several growth factors have been studied, such as platelet-derived growth factor [19] , growth hormone [20] , epidermal growth factor [21] , and transforming growth factor-␤ [22] and other members of the transforming growth factor superfamily, particularly the growth differentiation factor 9 (GDF-9), which is secreted by the oocyte and able to promote folliculogenesis [23] [24] [25] . Other interesting genes have been identified as important in follicular growth and maturation. Among these, kit ligand, which is a putative regulator of oocyte development [26] , has been shown to be expressed by the granulosa cells. The expression of kit ligand in the granulosa cells is regulated by the oocyte itself [27] , whereas the receptor c-kit has been located on the theca cells and the oocyte [26] [27] [28] . All these reports strongly support the interdependency of the cells forming the follicle. The hypothesis for this project was that the follicular cells will mirror the health status of the oocyte. The comparison of populations of granulosa cells should result in the identification of genes influencing the oocyte maturation and genes expressed in the granulosa cells in reaction to the presence of a competent oocyte. To perform these comparisons, instead of using the candidate gene approach, we used and compared the effectiveness of two PCR-based techniques to isolate and identify differential gene expression in granulosa cells. The DDRT and SSH are sensitive procedures allowing comparisons of the entire mRNA pool between different cell types.
The first set of DDRT comparisons was done to compare granulosa cells from small (Ͻ4 mm) and large (Ͼ8 mm) follicles cultured with or without LH to study the effect of the gonadotropin on gene expression. These group sizes were used because the increase in follicular size is associated with a better developmental capacity of the oocyte, even if the oocyte can acquire its competence at any stage of follicular growth [3, 5] . Others have proposed that part of the follicular selection mechanism [29] and the establishment of follicular dominance is associated with differential LH and FSH responsiveness capacity. However, the establishment of follicular dominance does not seem to affect the oocyte maturation; the oocytes enclosed in dominant follicles are not more competent than the oocytes from growing follicles [30] . The capacity of the follicle to react to LH stimulation may be important for maintaining follicular growth. The distribution of the LH receptor in the granulosa cell population showed that the association with follicular size is not clear. Bao et al. [31] reported that the presence of LH receptor mRNA in granulosa cells is associated with dominance. However, Evans and Fortune [32] reported the selection of the dominant follicle without difference regarding the LH receptor transcript. Nevertheless, if large follicles have a higher capacity than small follicles to respond to LH, culturing the cells in the presence of LH should activate some differentiation processes specifically associated with the preovulatory LH surge, which is important for the final maturation of the oocyte [18] . Thus, the granulosa cells from small follicles should not respond in the same way to LH. By comparing the cDNA pools of those cells, we attempted to identify transcripts associated with differentiated follicles in preparation for ovulation. These granulosa cell factors should be important for oocyte maturation since in vivo matured oocytes are highly competent [12, 33] . DRAK 1, which is a serine/threonine kinase related to death-associated protein kinase, which induces apoptosis [34] , was found to be induced by LH. We do not know how the presence of LH in the medium provoked the expression of apoptosis genes in granulosa cells. However, because apoptosis is an important process in the fate of the follicle [35] , study of DRAK 1 may be of relevance. Early follicular atresia is beneficial to the oocyte because it enhances the blastocyst rate of in vitro produced embryos [3] . The other identified clone, L27a ribosomal protein, was repressed by the culture conditions and was not associated with follicular size or the addition of LH in the medium.
Other DDRT comparisons and the SSH analysis were done to find cDNAs associated with the presence of a competent oocyte. Having assessed the competency status of the oocytes prior to the cDNA comparisons, the different pools of granulosa cells used were specifically sorted based on the competence status of the enclosed oocyte. These tissues were of interest because they were certified to allow 100% and 0% blastocyst production, respectively. With DDRT, cytochrome C oxidase and U.R.F.4, which are two genes coding for mitochondrial proteins, were associated with the oocyte developmental competency status. The involvement of cytochrome C oxidase may also be linked to the apoptosis process. Also, GABA receptor was associated with the presence of a competent oocyte, and proteosomal ATPase was associated with oocyte incompetence. The involvement of these genes in the oocyte competency level can only be speculated on at this time.
Using the SSH, eight clones associated with the presence of a competent oocyte were identified. The ribosomal protein L27a and cyctochrome C oxidase were also found. In contrast to the DDRT results, the cytochrome C oxidase was associated with the presence of a competent oocyte. This discrepancy in the results of the two techniques may be associated with the lack of precision of the DDRT. The major drawback of the DDRT procedure is the high rate of false-positive results [36, 37] ; SSH followed by differential screening only produces 5% false positives, according to the manufacturer. To evaluate the accuracy of DDRT, 29 DDRT amplicons were submitted to differential screening; only 3 were truly associated with the specificity found by DDRT. This confirms the high false-positive rate produced by DDRT.
Among the other genes found by SSH to be associated with the presence of a competent oocyte, several transcription modulators were identified. Early growth response 1 (Egr-1) and DNA binding protein A are transcription factors [38, 39] , whereas some ring finger family members are transcriptional repressor [40] . The Egr-1 gene is believed to mediate processes of cellular growth and differentiation [38] , which can be easily associated with follicular maturation. Another system that could be influenced by the presence of a competent oocyte is the capacity of the granulosa cells to react to external factors. Because phosphorylation processes are essential for protein activation or silencing, the presence of a protein kinase inhibitor may be relevant, as may be the presence of Sprouty 2, which is a modulator of signal transduction of fibroblast growth factor and epidermal growth factor (EGF) found in chick embryo [41] . Also linked to the EGF family, epiregulin is reported to be involved in the maintenance of normal cell growth [42] , to be mainly expressed in the embryo [43] , and to bind to the EGF receptor [44] . The receptors for prostaglandin or progesterone were also found by SSH. These receptors are clearly associated with the reproductive system, and recent studies have highlighted new pathways involving GDF-9 stimulating granulosa cells to produce progesterone via the activation of the prostaglandin receptor [45] . The activation of the progesterone receptor also regulates the expression of the pituitary adenylate cyclase activating peptide receptors [46] and regulates specific proteases [47] in preovulatory follicles, supporting the importance of progesterone receptors in the differentiation of the follicle prior to ovulation. The other genes related to folliculogenesis that were indentified with SSH are extracellular MMP inducer and MMP. Tissue inhibitor of metalloproteinase (TIMP) and MMP modulate the ovarian follicle [48] . The secretion of TIMP-1 increases in the follicular fluid following the LH surge [49] , and FSH stimulates the expression of several TIMPs [50] . The TIMPs and the MMPs are part of the normal ovarian function [51] and have not been associated with oocyte competence. These findings will need to be confirmed by other quantitative methods.
Concerning the other clones, no physiological involve-ment in folliculogenesis identified for phosphatidylserine synthase I, versicant variant, acidic ribosomal protein, splicing factor (amplicon 17C), or transglutaminase 3. The sequence with characteristics similar to those of reverse transcriptase is even more enigmatic because it is an Alulike sequence, which is believed to be mobile in the genome [52] . The techniques used in this study are very powerful because they use PCR amplification. It is therefore crucial to use very distinct cellular populations. One of the major advantages of DDRT over SSH is the capacity to compare numerous cell types simultaneously. However, DDRT is more sensitive to contamination because it compares side by side the cDNA content of the different cell types and contamination can mask specific banding patterns. Contamination is less problematic with SSH because the cDNA common to both cell types is subtracted. In the present study, the oocytes were cultured in small groups, and group culture tends to enhance blastocyst rate [53] . Thus, the granulosa cell pools considered to be associated with the presence of a competent oocyte may have been contaminated with cells surrounding incompetent oocytes that were rescued by group culture. However, with SSH, the contaminating cDNAs associated with oocyte incompetence will be subtracted, allowing the identification of competence cDNAs. The pools of granulosa cells associated with incompetent oocytes were not contaminated with cells associated with competency as assessed by in vitro production procedures. Even in the beneficial environment of group culture, these oocytes were not able to develop into blastocysts. Other disadvantages associated with DDRT are smaller clone size (average size of 330 bp) and the fact that all clones are located in the 3Ј untranslated region (UTR) because the poly-A tail is used for amplification. Unlike the coding region, the 3Ј UTR is generally very variable between species, making the identification of DDRT clones more difficult. In the present study, only matching sequences in GenBank having an overall homology of Ͼ85% were considered. The longer clones found with SSH are more efficiently identified because the sequence is not necessarily in the noncoding regions. Moreover, SSH produces a large number of clones and less manipulation is required to compare the entire mRNA pool. Thus, SSH seems to be more appropriate for high throughput technologies. The identification of the unidentified clones isolated by both techniques will require further study. The sequence of the clones should be elongated by cDNA library screening or by rapid amplification of cDNA ends. Overall, these techniques were used to find novel candidate genes associated with oocyte competency. Conclusions concerning the physiological roles of these genes in follicular maturation await further investigation.
The genes specifically expressed in follicles having a competent oocyte will be used as marker genes to better understand the mechanisms involved in oocyte maturation and survival of the in vitro produced embryo. These marker genes also could be used to define better media for promoting complete maturation of the oocyte in vitro. Because bovine and human oocytes are similar, gene markers found in the granulosa cells associated with the presence of a competent oocyte could be used clinically to select the more promising oocytes during in vitro production protocols. The bovine model is thus useful for increasing our understanding of follicular growth and maturation and the acquisition of oocyte developmental competency.
